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FOREWORD

Among the responsibilities assigned to the Office of the Manager, National
Communications System, is the management of the Federal Telecommunication
Standards Program. Under this program, the NCS, with the assistance of the
Federal Telecommunication Standards Committee identifies, develops, and
coordinates proposed Federal Standards which either contribute to the
interoperability of functionally similar Federal telecommunication systems or
to the achievement of a compatible and efficient interface between computer and
telecommunication systems. In developing and coordinating these standards, a
considerable amount of effort is expended in initiating and pursuing joint
standards development efforts with appropriate technical committees of the
Electronics Industries Association, the American National Standards Institute,
the International Organization for Standardization, and the International
Telegraph and Telephone Consultative Committee of the International
Telecommunication Union. This Technical Information Bulletin presents an
overview of an effort which is contributing to the development of compatible
Federal, national, and international standards in the area of Video
Teleconferencing. It has been prepared to inform interested Federal activities
of the progress of these efforts. Any comments, inputs or statements of
requirements which could assist in the advancement of this work are welcome and
should be addressed to:
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SECTION 1 INTRODUCTION AND SUMMARY

This document summarizes work performed by Delta Information
Systems, Inc. (DIS) for the National Communications System (NCS),
Office of Technology and Standards. This office is responsible
for the management of the Federal Telecommunications Standards
Program, which develops telecommunications standards, whose use
is mandatory for all Federal departments and agencies. This
study was performed under task order number 87-010 of contract
number DCA100-87-C-0078.

This report covers the standardization of end-to-end
performance for full motion video teleconferencing. It
investigates the feasibility of such a standardization on an end-
to-end (camera-to-monitor) basis to ensure delivery of a
specified quality of service by developing a candidate set of
objective measures of TV picture quality for Government TV
applications. This is a distinct difference from currently used
methods which depend entirely on subjective evaluations.

Objective still picture measurements are standard in the
broadcast industry and with other analog video systems. These
methods can be adapted to digital video teleconferencing.
However, there are no available techniques for the objective
analysis of moving pictures which is a vital element of the
performance evaluation of any digital video teleconferencing
system. Development of such techniques is a major objective o.

the effort covered by this report. R




Section 2 briefly describes previous programs which have
provided b%bkground material for the current effort. The
proposed performance standards based on still picture
measurements are contained in Section 3. The methods and test
patterns which were developed for experimental measurements on
moving pictures are described in Section 4. They lead to the
prgparation of a special motion test tape and development of a
method for the performance of measurements on this tape after
processing through a digital video codec. Section 5 discusses the
analysis of these results and develops groups of preliminary
performance curves which show the validity of the developed
methodology. Section 6 summarizes the results of the programs

and makes recommendations for related future efforts.
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SECTION 2 - AVAILABLE BACKGROUND MATERIAL

2.1 Previous NCS Program

A first sStep towards the objectives of this program is
docunmented in the report on the Development of an Cbjective
Standardized Test for Video Teleconferencing, dated February,
1987. That report covered an early approach to the very
ambitious goal of establishing objective test methods for digital
video codecs. The study depended mainly on standard video tests
signals recorded on the video tape used for subjective tests
which was processed through four different codecs. The same tape
also contained an attempt to simulate motion with a fast pixel
change produced by switching between two well defined pictures.

The results of this program fell short of its stated goal of
achieving correlation of subjective and objective test results.
First of all, taping the test signals produced toco much inherent
distortion to provide a dependable input signal. Furthermore,
many of the conventional analog parameters proved to be of little
importance to the subjective observers because their evaluations
were mainly based on the motion .performance determined by the
digital algorithm of the codec. Nevertheless, the program
provided good understanding of the many applicable criteria and
inherent problems and pointed the way for future studies.
Avoidance of the shortcomings which manifested themselves

furnished valuable guidance for the present effort.




3.3 Testing of Compressed Video Signal Transmission

This program was. performed for the Defense Communication
Agency (DCA) as a subcontract to TRW. It is documented in three
reports dated in September, October and December 1985. The
purpose of the program was the establishment of objective
standards and measurement techniques for determining compressed
video signal network performance for networks operating at a data
rate of 1.544 Mbps. The reports specifically address the codecs
of one manufacturer, Compression Labs, Inc. (CLI). This was done
since no standard data rate or compression algorithm had been
officially established, but many U.S. Government and commercial
installations had selected the CLI VTS-1.5E codec; therefore, a
CLI codec was felt to be representative.

It is obvious that the objectives of this past program,
though much more limited, are fairly similar to the present
effort for NCS. The most important results are the analog
parameters that should be measured in a digital video systenm,
their standard values and permissible performance limits. These
values were backed up by a series of equipment tests. With some
modifications, the results will be applicable to the full range

of codecs and data rates to be covered in the present progranm.




SECTION 3 - STILL PICTURE HEASUREMENTS

3.1 General aApproach

The end~to-end performance of any video system requires the
measurement of a number of still picture parameters. This number
will vary depending on the picture quality requirenents of the
specific system. For instance, only minimal measurements are
needed in a home_video system, while broadcasting and cable
distribution systems must satisfy very high standards.

BEvaluation of motion performance of analog video systems
generally is not necessary since the old problem of "sticky”
camera tubes has been virtuaily eliminated with modern video
pickup devices.

The methods for testing digital video systems and developing
performance standards are presently going through similar steps
as broadcast TV in the 1950's. Evaluation of picture quality was
then achieved subjectively by many panels of experts.
Simultaneously, an ever increasing list of performance parameters
deemed likely to affect picture quality was compiled and the
signal waveforms were standardized. Correlation of objective
parameter measurements with subﬁective evaluation resulted in the
selection of meaningful performance parameterxs and establishment
of limit values for satisfactory picture quality.

The many parameters that describe the format and fidelity of
a color video signal are contained in three well established

official documents. Electronic Industries Association (EIA)
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Standard RS-170A specifies signal waveforms, amplitudes aad
timing. EIA Staridard RS-250B and Network Transmission Committee
{HTC) Report No: 7 are similar in coantent &nd specify acceptable
limits of signal degradatic:.. after passage through a transmission
system. Since all these documents date back to the 1976/77 time
period, some added paraneters have become popular since then.
Sonme limited information was obtained from porticns of a draft
version of RS-230C but this document is still under committee
consideration, therefore the contents of the draft are not
official. No significant changes are anticipated.

The American National Standards Institute (ANSI) has
recently issued Standard T1-502 for the transmission of high
quality analog video signals. This standard features several new
performance parameters and much tighter limits for most
previously used parameters, which are not realistic for low data
rate digital video codecs. Committee T1Q1.5 is in the process of
adapting T1-502 for the digital transport of video
teleconferencing/video telephony signals but more work remains to
be done. The NTC has drafted an updated report NTC-9 but
suspended its effort before publication. CCIR Recommendation
567 is applicable to long interhational connections and therefore
has rather lenient performance requirements. Consequently, RS-
250B and NTC-7 still provide the most usz2ful background material
for the present program. Recently published cable system (CATV)
performance specifications are largely based on the same

documents.
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The long lists of parameters and performance specifications
in these two documents present a logical point of departure for
the ‘development of performance standards of a video
teleconferencing system. The characteristics and applications of
a digital system affect the importance and acceptable limit
values of the conventional analog parameters. While some of them
can probably be completely eliminated, the characteristics of a
digital system may make it desirable to add some measurements to

fully evaluate system performance.

3.2 Performance Parameters

The first step in the development of standards of video
teleconference systems is the selection of the necessary
parameters. This can best be accomplished by reviewing existing
analog TV standards, with due consideration of inherent
differences between analog and digital video transmissions and
equipments. A major factor is that a video codec transmits the
input signal not in its actual form but only enough digital
information to allow regeneration of the analog signal at the
receiver.

Any video signal that is to be displayed on a standard NTSC
monitor must basically comply with RS-170A, though many amplitude
and timing limits can be relaxed. However, codecs generally
deviate considerably from the specified horizontal and vertical
blanking widths. This is done to allow codecs to economize in

the amount of transmitted data by slightly reducing the picture




size in both directions without eliminating useful information.

The -codec re-constitutes the analog signal from the
compressed- digital format in which it is transmitted. Signal
waveforms and timing are generated in the decoder and therefore
not directly dependent on the same parameters at the point of
entry into the encoder. Thev are also not affected by the
encoding/decoding process and the transmission circuit. Since
generation of analog TV signals is a routine matter, a decoder
design compliant with RS~-170A presents no problem.

A much closer scrutiny is required of the parameters
contained in RS-250B and NTC Report No. 7. They affect picture
quality in a known and readily visible fashion. It is obviously
advisable to utilize the many years of experience of the
broadcast industry, but the characteristics of a video codec
dictate some variations. A few parameters which are mainly
affected by certain factors typical of analog transmission become
largely irrelevant in a digital transmission system. Non-linear
transfer characteristics and dynamic gain distortions are often
caused by limitations in FM detectors and low frequency response
which do not affect digital transmission. Therefore,
measurements of dynamic gain, long-time waveform distortion
(bounce), and use of average picture levels (APL) other than 50%
in differential gain and phase measurements become unnecessary.
Transmission noise of all types is highly unlikely to affect the
received picture because the decoder is tolerant to error rates

of up to 10-¢ before forward error correction. This allows noise
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levels nuch higher than those acceptable in analog transmission.
Error rates above 10-® cause very noticeable and rapidly .
increasing degradations which soon result in compiete systen
failure. The only noise possibly noticeable at the decoder
output is a sum of quantizing noise and contributions from power
supplies and other portions of the codec output circuit. This
noise level is so low that it is difficult to obtain consistent
and repeatable results, therefore a value could not yet be
specified. Limited results obtained so far indicate that a value
in the range of -60 dB is probably appropriate. The output level
of the re-~constituted signal {(often called insertion gain), once
properly set, is unlikely to vary. Field-time waveform
distortion caused by low frequency response limitations is likely
to be low and constant.
The practical experience gained by the codec performance
measurements made as part of the programs described in Section 2
corroborates the above statements. Beyond that, it shows that at
1.544 Mbps most conventional performance parameters have values
either fully or almost complying with analog specifications.
“hen trying to correlate the measurement results with the
subjective evaluations it became apparent that in most cases
little or no correlation existed. The only significant parameter
was frequency response which very obviousiy affected the received
picture quality. Recent measurements made on three codecs have :
shown considerable differences in the range between 1 and 3 MHZ,

with 3 MHZ being the highest value worth specifiying. Exact
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values over the whole range still remain to be determined.
Different Specifications for high and low bit rates are expected
to be needed. This is due to the fact that frequency response is
a necessarily severe limitation in video codec performance when
compared with analog transmission.

A popular pattern for a quick overall check of video system
performance is the color bar chart. It shows the approximate
combined effect of various degradations in color performance
parameters. Therefore, a parameter called "vector accuracy",
giving the amplitudz and phase deviations of six color vectors,
becomes a very convenient and useful tool in video
teleconferencing system performance evaluation.

A feature unique to digital video systems is the accuracy of
sampling and quantization in the analog/digital conversion
process. Experience in this area is limited and neither methods
nor performance valu s for digital video have been suggested. It
is important that this parameter and signals for its evaluation
be defined in order to establish complete standards of video
teleconferencing systems. Recent preliminary tests with
experimental test signals have not yet achieved results which are
consistent enough to form the basis for a proposed test procedure

and specification.

3.3 Instrumentation
The measurements performed for the previous NCS program used

the test signal portion 5f the 1" test tape prepared for

i T



subjective codec evaluation. After processing through the four
codecs undér test, many parameters showed high values of
distortion. Subsequent measurement on the original test tape
showed that a considerable portion of these distortions was
present at the input. At that time it could not be determined
whether this was due to the input test signal or the taping
process. At a later time test signals known to be perfect were
recorded on tape which again produced distorted signals.

The results in the previous NCS program were obtained as the
difference between codec input and output distortion values.
This method cannot be considered accurate because these
distortions are not necessarily arithmetically additive.
Nevertheless, the results proved to be logical and usable. One
fact that became obvious is that parameters such a differential
gain and phase should be measured only at an average picture
level (APL) of 50%. The conventional test signals for APL values
of 10% and 90% have color content only on every fifth line. This
feature, in conjunction with the color signal line rate
subsampling used in all codecs, produces such a low output signal
that it becomes too noisy to be properly measured. Fortunately,
as stated in Paragraph 3.2, measurements at 50% APL are
sufficient because transmission non-linearities do not affect the
codec output. However, in summary, it must be stated that tape
recorded test signals cannot be recommended.

During the DCA/TRW program, high quality modern test

equipment was made available at the codec location. Therefore,

PN
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all measurements could be made directly and the results are
dependabie"énd accurate. The tests were implemented with the
Tektronix 1910 NTSC Digital Signal Generator and the 1980
Automatic Video Measurement Set ("Answer"). The equipment was
configured for the analysis of broadcast quality signals and
printouts of the test results highlighted all deviations from the
p{g-set narrow limits. 1In spite of that, more than half of all
measured parameters were found compliant. Obvious and necessary
deviations were horizontal and vertical blanking widths, which
are deliberately increased in the codec, and frequency response,
with related parameters in both luminance and chrominance
channels. These results showed that some test signals should be
modified to be better adapted to the performance limitations of a
codec.

These previous results clearly show that objective still
picture measurements should be made only directly with co-located
codec and test equipment. DIS has meanwhile obtained a 1910
Signal Generator and VM-~700 Video Measurement Set which is the
much improved successor to the 1980 "Answer". The VM-700
includes a display which can be used for viewing all wavefornms
and several programmed sets of performance data before print-out,
Since the 1910 is an all~digital signal generator its output
signals can be changed by inserting re-programmed PROM's. Sucih
PROM‘'s have been procured for the DIS unit to investigate codec
testing by substituting seven different experimental signals.

Two normally available signals have been modified. The
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three high frequency packets in the multiburst -portion of the
NTC-7 combination test §ignal have been changed to measure a more
limited frequency response. The chrominance pulse of the NTC-7
composite test signal has been changed from a half-amplitude
duration of 12.5 T (1562.5 nsec) to 20T (2500 nsec) to
accommodate the limited bandwidth of codec chrominance circuits.
The five other signals are new, and mainly for the purpose of
developing a method to evaluate the quantizing performance of the
analog/digital conversion process. A shallow ramp signal is
useful to check and possibly measure quantizing errors.
Therefore, three of the provided signals consist of ramps with an
amplitude of 16 IRE units superimposed on pedestals of 18, 50 and
92 IRE units to investigate the quantization performance at low,
medium and high picture levels. The other two signals consist of
12 multiple-amplitude steps, one each with constant minimum or
maximum level. These signals may be useful to investigate
effects such as overshoots of non-linear DPCM near both the white
and black levels.

Figures 3-1 to 3-9 show the modified signals, including the
new packet frequencies as plotted on a VM-700 Video Measurement
Set. The signals of Figure 3-1 to 3-4 will be used in
conventional fashion to measure the appropriate video parameters.
The exact application and related numerical evaluation of the
other signals still has to be determined experimentally.

Recently gained experience has shown some usefulness of the

shallow ramps in determining quantizing accuracy but more effort
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is needed. Further changes of the modified test signals may
prove to be. desirable. It must be emphasized that these
modifications: do not interfere with the normal use of the 1910
Signal Generator which is readily restored by changing back to
the original PROM's.

The performance parameters and required test signals are
shown on Table 3-1. All except the last two signals are included
in the combination and composite test signals already shown. The
remaining two signals are standard and shown on Figures 3-10 and
3-11. ©No special test signal is required for measurement of
waveform parameters because the synchronizing signal is always
present.

All these test signals occupy a fu.® field. This is
inherently necessary for the field bar signal but all the other
signals can be contained in a single line. It has become
standard broadcast practice to insert test signals on one or
several lines during the vertical blanking, creating vertical
interval test signals (VITS) which allow continuous in-service
monitoring. This cannot be done with a codec signal because the
vertical interval is not transmitted. Should in-service
monitoring become desirable in ; future video teleconference
system, test signals would have to be inserted on lines at the
top and/or bottom of the picture. If it is possible to preempt
those lines whenever needed, such "pseudo-VITS" could be

established as part of a future digital video standard.
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Table 3-1

CODEC Test Signals

Performance Parameter

Teét Signal

Amplitude/Frequency Response Multiburst
Insertion Gain Line Bar
Line Time Waveform Distortion (18 usec)
Short Time Waveform Distortion 2T Pulse

Chrominance-Luminance Gain
Inequality

Chrominance~-Luminance Delay
Inequality

Chrominance Pulse

(Modulated 20T
Pulse)

Luminance Non-bLinear
Distortion

Differential Gain

Differential Phase

Modulated 5-Riser
Staircase

(50% APL)

Chrominance-to-Lumninance
Intermodulation

Chrominance Non-Linear Gain

Chrominance Non-Linear Phase

3-Level Chrominance

Vector Accuracy

Color Bar Chart

Field Time Waveform Distortion
Signal-to-Noise Ratio

Field Bar

3 - 20
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Figure 3-11 The Field Bar Test Signal
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3.4 Proboséd Performance Standards

A per%ormance standard must be based on past experience and
measurements. It would be useless to either impose requirements
which are too difficult to meet or set limits which can be
satisfied without effort and could result in a degraded picture.
lfeasurements were made on several codecs, but they all operated
at .1.544 Mbps. It is not known at this time if and how much
higher still picture deterioration is to be expected at lower bit
rates down to 64 Kbps. Very recent measurements on codecs
operating in the 64 to 364 Kbps range show that the necessary
lower sampling rate in these codecs requires narrower transmit
and receive filters producing a lower overall frequency response.
Correlation with subjective results will follow.

It is customary to establish not only a reference standard
with an allowable deviation for each parameter but also caution
and alarm limits. This originated in the broadcast industry
where continuous monitoring or frequent measurement of most
parameters is necessary to maintain high picture quality.
Reaching a caution limit is an alert of a potential problem while
exceeding an alarm limit requires immediate corrective action.
At present, video teleconferencing systems are far from the
sophistication of broadcast operations but this situation may
change before too long, so following broadcast practices as much
as possible becomes desirable.

Previously established and proposed waveform parameter

standards are listed on Table 3-2. The codec standard prepared

3 - 23
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by De1€a~info;mghion Systems. for the Defense Communications
Agency (DCA) is essentially identical with the values specified
in RS~170A. The only major deviation is in the blanking widths
which are matched to one specific codec design for which they
must be accurately maintained. Therefore, the limits ave set
very tight. Another codec is likely to require different
numbers, so a universal standarxd is difficult to establish. The
only possibility would be to impose maximum values to restrict
the permissible amount of picture area clipping. A survey of all
available codecs is needed to arrive at such a practical limit.
Different values of vertical blanking width may apply to
alternate fields.

Though most caution limits are set somewhat beyond the
proposed standard, they are well within the range of completely
acceptable performance. Exceeding the caution limit may result
in a barely noticeable deterioration. However, exceeding the
alarm limit is likely to cause sufficient picture degradation to
require remedial action. The time and type of such action
depends on the operational requirements of the system.

Table 3~3 lists the proposed standards, caution and alarm
limits for the applicable performance parameters taken from RS-
250B and NTC Report No. 7. A composite of the values of these
two documents is included as reference standard. These values
are generally close to the end-to-end requirements of RS-250B but
not necessarily as lenient as the values of NTC-7. The remarks

of the preceding paragraph regarding the caution and alarm limits

3 - 25
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PERFORMANCE PARANETER LERMITS

TRBLE 3-3
HEAS. § REFEREICE | CODEC CRUTLON ALARM
PARAMETER (NITS | STANDARD | STANDARD LT LIRMIT
~oplitude/Frequency Response Ww/-1te  [-1 @ Mz { -1 @ iz -1.5@1MHz
B -1.6 @ 2Hz | -2 @ Mz ~2,542MHz
42¥z |-3@2.MMHz | -4 @ MHz -582. MHz
Signal-to-foise Ratio [ii:) 54 52 50 47
Tnsertion Gain aB +5 -5 +.6 1.0
field Tire Vaveforn Distortion RE 3 3 3 5
Line Time Vaveforn Distortion IRE 3 3 3 5
Stort Time Vavefors Distortion (3K FAC 3 4 4 6
Chrominance-lrminance Gain
Inequality % 7 #0 0 #5
Crovinance=isminance Dlay
Inequaiity nSec 50 +75 +100 +150
tuminance Hon-Linear Distortion | IRE 10 10 10 20
Differential Gain 5 10 10 10 15
Differential Phase Degree 5 5 6 10
Chrominance-to-laminance
Intermodulation IRE 4 4 4 6
Chrominance Non-Linear Gain IRE | 20+2 2042 2042 2043
80% 8 80%8 8048 80¢12
Chrominance Nen-Linear FPhase Degree 5 5 5 7
SC-H Phasing Degree 150 +60 +75 00
Arplitude Error % - 10 +15 120
Vector
Phase Exvor Degree - +5 1.5 #10
Accuracy
Chrova/lum Ratio | & - +10 #15 +20
3 - 26
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are equally appiicable to' this set of parameters.

Basing the codec standard on a tighter reference standard
would be counterproductive in view of the inherent performance
limits of any teleconferencing codec operating in the 64 to 1544
Kbps range. It might result in the rejection of a codec for not
meeting a performance specification which is not relevant for the
application intended by NCS or other users as shown by
correlation of ohjective and subjective tests.

The only parameter significantly different from broadcast
requirements is amplitude/frequency response which is inherently
limited in every codec. Experience has shown that judicious
filtering of the output video signal can reduce minor
disturbances caused by the compression algorithm and thus produce
a more pleasing picture. Measuring the codec response is best
done with a modified multiburst signal. Review of the
requirements and performance data has shown that the frequency
packets should be .5, 1.0, 2.0, 2.35, 2.7 and 3.0 MHz, as shown
on Figures 3-1 to 3-3. The other modified test signal is the
chrominance pulse which is recommended with a width of 20T to
avoid any potential limitations.caused by chrominance circuit
frequency response.

The frequency response standards and the choice of the
frequency packets are based on measurements on existing 1.544
Mbps codecs. It is likely that the response of low bit rate
codecs is more limited in which case different values may be more

desirable. The same could be true with some other parameters,

3 - 27
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with some other parameters, though it is expected that most of
the listed’values will 'be realistic for all codecs. On the other
hand, some ¢écdecs may have a much better frequency response in a
freeze~frame mode. If necessary, it is easy to change the PROMs
in the 1910 signal generator back to normal, which will result in
frequency packets of .5, 1, 2, 3, 3.58, and 4.2 MHz.

Two parameters not used in RS-250B and NTC-7 have been
added. They are Subcarrier to Horizontal Sync (SC-H) Phasing and
Vector Accuracy. SC-H Phasing is specified conditionally in RS~
170A. It does not affect the directly viewed picture but is
important for video tape recording which is likely to be used
extensively in future teleconferencing systems. Vector Accuracy
provides a convenient overview of color performance and is very
useful for a "quick look", ahead of a more detailed analysis of
the received video signal. There is no reference standard for
Vector Accuracy, so the proposed codec standard is based on

practical experience.

3 - 28
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SECTION 4 ~ MOVING PICTURE MEASUREMENTS

4.1 Background

Past experience has shown the motion rendition of a video
teleconferencing system to be the most important parameter which
affects overall picture quality and user acceptance.  The only
practical method of codec evaluation so far has been strictly
subjective which is inaccurate, complex, time consuming and
costly. This points out the necessity of developing a
methodology to objectively test codec motion rendition
capability. Without this it is impossible to establish a systenm
performance standard.

The initial small steps towards this objective were taken by
DIS following the subjective comparative evaluation of four
codecs operating at 1.544 Mbps. The test signal portion of the
test tape contained two sequences intended for the purpose of
motion evaluaticn with pixel changes produced by switching
between either the "white window" signal and a black field or
vellow and blue fields.

Switching between colors yielded no usable result but the
white window/black field test showed promise. Some low level
residue of the white area was clearly visible for several frames
after switching. In addition, the codec with the subjectively
poorest performance was even unable to follow a normal switch
between two average pictures.

It is important to be able to correlate objective and

v
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- ‘subjective codec evaluations to confirm the validity of any new

cbjective method. The obiective test should be performed witn a
carefully controlled video signal which can be observed
simuitaneously on a waveform monitor and a picture monitor.
Actual measurements can be made only on the waveform monitor but
the picture monitor helps in interpreting the observed signal
waveform. It would be a mistake to try to subjectively evaluate
the picture on the monitor since it shows an artificial test
sequence with no relation to a typical live scene. Subjective
tests on several codecs at various bit rates with different
conventional motion scenes will establish a threshold of
acceptability which can then be correlated with an objective test
score. The objective test material must cover a range of
conditions wide enough to produce both acceptable and
unacceptable performance of codecs of different quality over the
full range of commonly used bit rates.

The motion performance of a codec is determined by its
capability to faithfully reproduce pixel changes between
consecutive frames. Such changes can be introduced either by
switching between different pictures (scene cut) or by changes
within the picture. These two types of pixel changes generally
produce rather different visually noticeable picture
deteriorations. Experience with subjective tests has indicated
that similar ratings of codec performance are obtained by
observing its response to either a scene cut or motion within the

picture. However, largely due to the differences in picture




degradations it has so far been difficult to establish reliable
correlation- between the two types of test material. It has
therefore been found necessary to investigate both scene cuts
between accurately defined pictures and controlled artificial
motion as candidate objective motion test signals. A detailed
description of the considerations for the design of the motion
test sequences is given in the two subsequent paragraphs.

A practical way of producing motion test patterns is by
means of a computerized generator of animated pictures. The TV
prodnction studio which has performed services for DIS over
several years owns the Cubicomp equipment which has ample
capability and flexibility to meet all requirements. Each
picture is first composed, then reviewed, and finally recorded

frame-by-frame on 1" video tape.

4.2 Scene Cut Patterns

A scene cut with a large and accurately defined pixel change
can be implemented by alternating between a white on black
pattern and an all-black picture. Previous tests with the
conventional white window signal indicated that this method was
feasible but a pattern with much more detail was needed to
sufficiently stress the capability of the codec. A logical
expansion of the window would be a checkerboard of varying sizes,
but circles were considered preferable because curved contours
are more challenging for codecs using transform coding and

because they provide two independent variables: center spacing
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and radius. Furthermore, in order to minimize repetition of
possible blocks:. subjected transform coding, the axis connecting
the centers of the circles is tilted 25 degrees to the
horizontal. Three circle spacings are employed, each with two
different radius values which produce about 60% and 30% pixel
changes. The smaller spacings result in more variety in the
pattern and thus in increased challenge to the codec algorithm.
However, both circle spacings and radius are always kept large
enough so that resolution limitations do not become a determining
factor. A typical pattern is shown on Figure 4-1.

The speed of consecutive scene cuts covers a wide range,
The lowest switching rate allows enough settling time for
probably any codec to reach a stable picture. The fastest rates
are expected to be challenging to any codec and produce some
deterioration in all cases. The duration of each scene is 15
seconds.

The circle pattern was produced on the Cubicomp Special
Effects Equipment which was easily programmed for this purpose.
The values of circle spacing, radius and switching rate are
listed on Table 4-1. Actual dimensions would be meaningless
because they depend on monitor screen size and edge masking
imposed by both codec and monitor; therefore, they are given as
percentagesg of the full picture width with standard horizontal
blanking. The switching rate is specified as the number of

frames between switches which is the term required by the

Cubicomp Equipment. The combinations of circle dimensions and

N
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switching rates which are implemented cn the tape are indicated

by insertion of a scene numbér (such as A-1) on the table.

4.3 Rotating Wheel Patterns

Artificial motion can pe implemented in various ways. The
simplest form is linear, such as a horizontal, vertical or
diagonal wipe, which produces motion in just one direction.
Rotation or zooming resultfs in motion which varies in direction
all over the picture. This is more desirable because linear
motion may give an undue advantage to some codecs using motion
vectors for inlerframe coding. Though in actual use zooming is
much more commen than rotation, it does not lend itself readily
to objective evaluation on a waveform monitor. However, a
rotating pattern can be designed to contain areas in which motion
produces fully predictable waveforms which can be analyzed on a
waveform monitor. Any motion degradation will then manifest
itself as easily recognizable and measurable changes in this
waveform display.

Motion degradation is subjectively equally noticeable in
monochrome and in color. Objective evaluation is more practical
with a monochrome signal because the presence of color subcarrier
makes measurements more difficult, and use of a luminance filter
is not always practical. However, the presence of color in the
picture increases the overall challenge on the codec algorithm

and thus is likely to at least indirectly affect motion

performance. Therefore, a rotating wheel pattern containing both
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monochrome and color portions is needed. Different widths of the
wheel spokes result in varying numbers of transitions per
revolution to be reproduced. Combined with a wide range of
rotation speeds this will encompass the performance limite of ajl
codecs to be evaluated.

The rotating wheel patterns were also produced on the
Cubicomp Special Effects Equipment which determined some of their
features. One of the patterns that could be produced without
excessive complexity is shown on Figure 4-2. It consists of two
portions, a fixed background with a white polygon in the center
and segments of the six standard bar chart colors around the
edges, and rotating black spokes covering the whole picture.

This results in transitions both between black and white and
between black and color. For compatibility with the Cubicomp
equipment, the speeds of rotation had to be specified as the
nunber of frames per full revolution, with the constraint that
the increments between frames must be integral numbers of
degrees.

Wheel patterns with three different spoke widths were
implemented. The properties of the various scenes produced by
different rotation speeds are sﬁmmarized in Table 4-2. Several
interrelated parameters are given to describe the rotation speed
of the patterns because, depending on the purpose of a specific
analysis, different points of view have to be taken. It is first

given in frames per revolution to satisfy the requirements of the

production equipment. In conventional terms, degrees per second

L caaewAnl TN
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SPOKE WIDTH 30°

SCENE NO. B-1 B-2 B-3 B-4 B-5 B-6 B-7 B-8 B-9
i ) FRAMES/REVOL., 540 360 240 180 144 120 30 72 60
g DEGREES/SEC. 20 30 45 60 75 90 120 150 180
i EDGES/SEC. .87 1 1.5 2 2.5 3 4 5 6

E FRAMES/SPOKE 45 30 20 15 12 10 7.5 6 5
!

% PIXEL CHANGE
: PER FRAME 2.2 ] 3.3 5 6.7 | 8.3 ] 10 13.3] 16.7} 20

% BLOCK CHANGE
PER FRAME 18 22 34 43

SPOKE WIDTH 18°

SCENE NO. B-1 B-2 B-3 B-4 B-5 B-6 B=7 B-8
FRAMES/REVOL. 720 540 360 240 180 144 120 90
DEGREES/SEC. 15 20 30 45 60 75 90 120
EDGES/SEC. .83 1.1 1.7 2.5 3.3 4.2 5 6.7
FRAMES/SPOKE 36 27 18 12 9 7.2 6 4.5

% PIXEL CHANGE
PER FRAME 2.8 3.7 5.6 8.3 |11.1 J13.9 16.7] 22.2

% BLOCK CHANGE
PER FRAME 31 42

%]
e

1 TABLE 4~2 SHEET 1

ROTATING WHEEL PARAMETERS

4 - 10A
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“ SPOKE WIDTH 10°

SCENE NO. B-18 B~19 B-20 B=-21 B~22 B-23 E
FRAMES/REVOL. 720 540 360 240 180 144 ‘
! DEGREES/SEC. 15 20 30 as 60 75
i EDGES/SEC. 1.5 2 3 4.5 6 7.5
; FRAMES/SPOKE 20 15 10 6.7 5 4

% PIXEL CHANGE
PER FRAME 5 6.7 10 15 20 25

% BLOCK CHANGE
PER FRAME 50 54 70 75

TABLE 4-2 SHEET 2

ROTATING WHEEL PARAMETERS

4 - 10B
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is much more descriptive. When considering picture transitions,
the number of edges per second is useful. In low bit rate codecs
which may employ A large amount of frame repetition, the numbec
of frames per spoke helps in understanding some phenomena aad
unusual resuits. The number of pixel changes between frames
gives a good measure of the load on the codec algorithm.

All these parameters are easily computed accurately.
However, it is understood that in the case of transform coding
the percentages of change of encoded blocks are the ultimate
criteria of the stress on the codec algorithm but these numbers
depend on too many variables such as the exact location of each
biock in relation to the picture pattern to be readily computed.
Assuming a picture structure of 36 x 44 blocks, an approximate
graphic method was used to estimate this number for some of the
spoke width/rotation speed combinations. The results show that,
while the numbers of pixel changes overlap over a wide range of
rotation speeds for the three spoke widths in use, the block
change numbers are not only much higher but alsc have a much
smaller range of overlap. The same number of pixel changes
produces a higher‘number of block changes with narrower spokes.
This is important when determining the required range of spoke
widths and rotation speeds for testing codecs of different
quality operating at different bit rates.

The constraints of the Cubicomp equipment called for some
special arrangements to produce all desired rotation speeds. At

N low speeds with more than 360 frames per revolution it is

4 - 11




necessary to repeat every or evary other frame. Some
intermediate speeds are produced by advancing alternate frames by
different numbers of degrees. These necessary slight
discontinuities are essentially invisible con the resulting tape
and do not affect the analysis of the resulting waveform
patterns. The motion arrangement for alternate frames to produce

all implemented rotation speeds is shown on Table 4-3.

4.4 Test Tape Preparation

The test tape containing all the scenes listed on Tables 4-1
and 4-2 was prepared in 1" format as required by the Cubicomp
equipment and subsequently reduced to 3/4" format for convenience
in use. Since the purpose of this interim version of the tape
was to establish the validity of this motion test method and to
develop a measurement method, no editing was performed. Though
the durations were planned to be 15 seconds for "A" and 30
seconds for "B" scenes, some of these numbers were shortened at
high switching rates or speeds for the purpose of convenience and
econonmy without sacrificing usefulness. Each scene was
identified informally at the start with its "A" or "B" number
without any further description of its content.

A final mction test tape will be prepared as part of a
different task after tests with the existing interim tape have
shown the usefulness of the various scenes. It is expected that
this final version may contain fewer and/or shorter scenes,

though, if deemed necessary, new scenes with the same basic

4 - 12
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patterns but different speeds can be added without undue effort.

4.5 Measurement Implementation

instrumentation for the evaluation of processed motion test
patterns is rather different from conventional video
measurements. Observation on a waveform monitor at either line
or field rate vields little or no useful information. The scene
cut patterns show that at high switching rates residual sigrais
make it impossible to reach the full white and black levels, so
that the video peak-to-peak amplitude is reduced, but this
feature does not lend itself to numerical evaluation. The
rotating wheel conventional waveform display is too complex for
any meaningful evaluation.

To avoid overlap of different portions of the picture on the
waveform monitor screen, it is necessary to view a suitable
selected single line. This line selection feature is available
on most up-to-date waveform monitors. It allows observation of a
single line which can be highlighted on an associate picture
monitor, and frequently the line number is displayed in a corner
of the waveform display. Sweep expansion and positioning make it
possible to examine a portion of the selected line in greater
detail.

Observation of a changing picture waveform at all but very
low speeds or switching rates is impossible. Therefore it is
necessary to examine the waveform on a frame-by-frame basis.

This is presently possible only with a top grade 1" video tape

4 - 14
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recorder with still picture capability, manual éape advance and
frame counter. Though a still picture can be viewed also on many
374" tape recorders, the vertical interval waveform in this mode
is presently not compatible with line selection, therefore 3/4"
tape has so far not been usable. Thus, even though 3/4" tape is
adequate for processing through the codec, it had to be
transcribed to 1" format for motion performance measurements.

The test setup is shown on Figure 4-3. The Sony BVH-2500
and the Tektronix 1730 have all necessary features. There are no
special requirements on the monitor. Having all three equipments
in the same rack results in a convenient setup for checking the
effect of each frame advance and correlating the waveform with
the displayed picture.

Figures 4~1 and 4-2 show the approximate locations of the
observed areas for both patterns. 1In the case of the scene cut,
a white circle near the upper left corner of the picture was used
with the selected line near the center of the circle. A line in
the top half of the picture is desirable because at times
switching causes some added disturbances in the bottom half. The
measurements on the rotating wheel pattern were performed on the
easily identified center line in the area where the picture
change is between black and white. The choice of the right side
of the picture was arbitrary.

Even before any numerical evaluation, some limiting effects
of codec design features became obvious. The main factor is

frame rate subsampling or frame repetition. Since most codecs

4 ~ 15
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transhit as a maximum only every other frame, the fastest scene
cut switching rate - once every frame - becomes useless because
it results in a still picture. Low bit rate codecs transmit even
fewer frames and therefore have to resort to higher frame
repetition numbers. If this number is higher than the number of
frames per spoke (see Table 4-2) one spoke may at times be
skipped completely, while the duration of the two adjacent spokes
appears to be unduly extended, which produces an invalid result.
In 2 fair number of higher speed cases a stroboscopic effect
caused by interaction of pattern motion and frame repetition
becomes obvious. In such cases, numerical results must be
carefully scrutinized and checked for their validity.

Interaction of block coding, frame subsampling and high speed
rotation often produces artifacts which are not readily
recognizable in the waveform pattern and therefore make the

measured results difficult to interpret.

4 - 17
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SECTION 5 -~ MOTION TEST METHODOLOGY ANALYSIS

5.1 Data Collection

Since the purpose of this program is the establishment and
verification of a new methodology for objective evaluation of
motion performance, no attempt was made to make comparative tests
of codecs. However, it is necessary to gather data from several
codecs operating over the range of conventional bit rates in
order to find the dependencies of the measured pattern results on
rest parameters and the features of the codecs under test.

The test tape described in the preceding section was
processed through three codecs at bit rates ranging from 64 Kbps
to 1.544 Mbps. The results were recorded on 3/4" tape and first
examined visually to obtain a preliminary review. Next the tapes
containing the data most likely to be significant for
verification of the test methodology were transcribed to 1"
format and examined using the test set-up shown on Figure 4-3.
The amount of available data was much larger than deemed
necessary. Therefore a judicious selection of test patterns,
switching rates and rotation speeds processed through the
available codecs at various bit rates was made to determine the
combinations of these parameters that yield the most meaningful
results.

The waveform of each frame ideally shows a flat white or

black level in the area selected for examination. The

conventional measurement of this level is in IRE units.

4 SR,
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Secondary effects, caused for instance by interaction of coding

blocks with the pattern and similar artifacts, which are clearly

. visible after passage of the signal through the codec produce
some disturbances which result in potential errors of about #3 i
IRE units. The frame-by-frame analysis ideally produces a full
amplitude square pattern of video level vs, frame number. The
deviations of the actual processed pattern from this ideal are a
measure of the motion distortion produced by the codec.

The number of frames to be examined varies widely depending

on the rate of occurrence of white to black and black to white
transitions. In order to achieve confidence in the result,
several cycles of these changes must be examined. The minimum

number was 4 but up to about 10 cycles were used at higher

speeds. This means up to about 400 frames at low speeds, while
at high speeds 40 to 30 frames are sufficient to show a typical
repetitive pattern. Since at all but the highkest speeds the

video amplitude remains constant for several frames, it is not

necessary to record the level of every frame. Noting the first

and last frame numbers of a series of constant amplitude frames

in addition to all level changes is sufficient and simplifies
both the data taking and evaluation efforts. For numerical
evaluation, all data points may be assumed to be connected by

straight lines.

5.2 Numerical Evaluation

A large number of data were taken on the tapes processed
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through the three available codecs at bit rates of 64 and 384
Kbps and 1.544 Mbps. Both scene cut (A) and rotating wheel (B)
test sequences were used. Figure 5-1 shows the very simple sheet
used to record the test data. The header of the sheet gives the
pertinent data to identify each test, an additional single letter
{C, L, P) was used to designate the codec under test.

The amplitude extremes at low speeds were in the vicinity of
10 and 100. Minor deviations were due mainly to small changes in
setup and do not affect the validity of the data. As expected, at
higher speeds the excursions between the amplitude extrenmes
become smaller and many intermediate levels with varying
durations appear. This is due to the inability of the codec to
follow fast changes in amplitude and thus is a direct indication
of its motion performance capability.

The method of numerical evaluation of the results has to be
chosen very carefully. At first, curves for some tests were
drawn by hand and the difference between the estimated arithmetic
averages of the extremes of each curve was determined. The
irregularity of many of the curves made this method rather
awkward and the accuracy of the results was questionable. The
RMS value of the excursions from the mean level of each curve
appears to be preferable because it emphasizes the important
maximum excursions and their duration. This process was

implemented with a computer program which provided a printout of

the curve and the RMS value for each test sequence. A typical
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printout is shown on Figure 5-2.

Each printout presents the processed result of one full set

of measured data with one specific test pattern but provides
merely one point on a curve describing codec motion performance.

It is necessary to define a common parameter for these curves.

Such a parameter is temporal frequency which can be expressed in
cycles per second where each cycle is produced by one white-
black-white change. Plotting RMS amplitude vs. temporal |
frequency gives a temporal response curve. This concept is |
equally applicable to scene cut and rotating wheel sequences.
The temporal frequencies produced by each test sequence are
listed on Table 5-1. The numbers are readily derived from the
data on Tables 4-1 and 4-2. It must be noted that the temporal
frequency is not the only parameter that determines the vesult.

The configuration of the test pattern is of equal importance.

The same temporal frequency produces different RMS amplitudes

when different test patterns are used.

5.3 Results

The test results are summarized on graphs of RMS amplitude
vs. temporal frequency for a specific bit rate and codec, using
one test pattern over the available range of either switching
rates or rotation speeds. A number of representative graphs are
shown on Figures 5-3 to 5-16. At least 2 graphs are on each

figure to illustrate the effect of changing a single paraneter.

It should be noted that the data points were connected by
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SEQUENCE NO.

v
1
'

TEMPORM, FRUQUENCY

A-1, A-13, A-25
A=2, A-14, A-26
A=3, A-15, A-27
A-4, A-16, A-28
A-3, A-9, A-17,
A-6, A-10, A-18

A-7, A-11, A-19,

NO. TEMP. FREQU
.33
.5
.75
1.0
1.25

A-2Y, A-29, A=33
., A=22, A-3Y, A-34

A-23, A-31, A-35

SEQU. NO. TEMP. EFREQU| SEQU. NO. TEMP FREQU.

B-1¢ .42
B~11 .59
B-12 85
B8-13 1.25
B-14 1.67
B-15 2.1
B-16 2.5
8-17 3.3

TABLE 5-1 TEMPORAL FREQUENCIES

.75
1.0
1.5

3.0

3.75
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straight lines; no attempt was made to draw a smooth curve. This
was done because the purpose of these tests is to verify the test
methodology and not to evaluate codec performance. All test
points must be considered equally valid and any deviations should
not be routinely smoothed out but investigated, explained and
used as a gnide for the development of a more refined
methodology.

Figures 5-3 to 5-11 contain temporal frequenay responses
produced with the three rotating wheel patterns. Specifically.
Figures 5-3 to 3-8 show the dependence on the selected pattern.
The curves include data for all three tested codecs and bit
rates. They clearly demonstrate that, as expected, the narrower
spokes are more demanding on the codec at the same temporal
frequency. Therefore, the spoke width should be selected to
match the motion capability of the codec to produce a curve with
a significant steady slope which can be easiiy interpreted.

Figures 5-6 to 5-8 show the effect of different bit rates
when using one codec with one spoke width pattern. The response
deteriorates at lower bit rates which again is logical and
according to expectation. Finally, the differences between
codecs is demonstrated in Figures 5-9 to 5-11. Codec L has an
algorithm optimized to operate at high rates while codec € is
designed for low rates. Thus 384 Kbps is the lowest possible
operating rate for codec L and the highest rate for codec C.

Therefore, it is expected and has been demonstrated by subjective

observation that at 384 Kbps the motion performance of codec C is




superior. The temporal response curves corroborate hthat fact at

N different spoke widths as shown on Figures 5~9 and 5~10. Both
codecs P and C operate at 56 Kbps and subjective observers
generally prefer codec P. Again, this fact is shown in the
curves of Figure 5-11.

Figures 5=12 to 5-16 contain similar curves for the scene
cut patterns. FTigures 5-12 and 5-13 show the effect of different
circle sizes on two codecs at two bit rates. As expected, the
smaller dots are more demanding and produce a lower response at a
lower bit rate. Figure 5-16 shows the difference in response
berween codecs L and C which is less pronounced when using the
switched circle pattern rather than a rotating wheel pattern.

Some of the curves contain inconsistencies. Quite often the
response does not show the expected smooth drop with increasing
temporal frequency. Small deviations are due to the inevitable
inaccuracies of the level readings on the waveform monitor and
some artifacts in the picture. A few curves have complete
reversals at high temporal frequencies and low bit rates, This
effect is due to "temporal aliasing” which, as previously
mentioned, is caused by the frame repetition in the codec. Such
portions of a response curve obviously are completely invalid and
must be disregarded. With enough experience in this methodology,
it should be possible to limit the applied test patterns and
temporal frequencies so that this spurious effect will not occur.

The various curves have their highest point generally in the

vicinity of 40. The highest theoretically possible value is

5- 9
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easily computed since the RMS value of a square waveform is one
half of the peak~to~peak amplitude. A review of the test data
sheets shows that at low temporal frequencies the black level is
generally near 10 and the white level near 100 IRE Units. This
produces a theoretical maximum RMS value of 45 which is in good
agreement with the plotted results.

Both scene cut and rotating wheel patterns have been shown
to produce useful data and thus present a valid methodology.
However, the results obtained from the rotating wheel are more
consistent and less subject to disturbances. Another important
factor is that a scene cut produces the pixel change in an easily
predictable fashion. It would therefore be possible to design a
codec with an algorithm producing excellent response to a scene
cut but poor actual motion performance. Testing such a codec
with scene cut patterns would give completely misleading results.

Based on these considerations, it is recommended that
initially only rotating wheel patterns be pursued further and
incorporated in the first version of the objective motion test
tape to be nrepared under another task. However, the ability to
respond to a scene cut is an important performance feature of a
codec which should and will be investigated in addition to the

temporal frequency response.

5 - 10
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SECTION 6 CONCLUSIGNS AND RECOMMENDATIONS

6.1 Summary of Kesults

The proposed standards foxr the end-to-end performance of a
video teleconferencing system are divided into two distinct
sections. The first section consists of measurerents of sriil
picture performance. These measurements are basicaliliy similar ro
those routinely performed on analeg video transmission systems,
with modifications necessitated by the constraints of the digitail
video codecs employed in telecornferencing systems. Both medified
and additional test signals have been proposed to accommodate
these special requirements. While the utility of some of these
signals is readily established, others must be further
investigated before a methodology for their application can be
developed and numerical values of related codec performance
parameters can be generated.

The investigation of motion performance of a
teleconferencing system enters a completely new territory. It
first proposes two different types of patterns containip~
accurately definable artificial motion which are generated by
conmputer and recorded on 1" video tape for processing through a
video codec. Different patterns and speeds cover a wide range of
motion. Temporal frequency response is defined and established
as a suitable common parameter for the svaluation of motion
performance. After processing through codecs covering the range

of conventional bit rates, data are taken from waveform monitor

mi
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patterns which are subsequently anaivzed by computer to produce
motion performance values for a large number of combinations of
coéec type, bit rate, test pattern and tenmporal frequency.
Performance curves drawn based on these values, though not ideal,
show the expected and logical relations between motion
performance and the various other pertinent parameters and thus
prove the validity of the proposed methodology. HKumerical
requirements of motion performance can be established only after

further experimentation.

6.2 Recommended Further Still Picture Analysis

A planned program calls for subjective testing of
teleconferencing codecs. This tescting will use new test tapes
which are presently under development. When these test tapes are
being processed through various codecs, it will require little
added effort to also make still picture tests using the Tektronix
1910 Signal Generator and VM-700 Video Measurement Set. This
will make it possible to find correlation between subjective and
onjective evaluations and thus determine the relevance of the
parameters discussed in Paragrapyh 3.4. It will probably be
possible to reduce the number of required measurements without
affecting the validity and accuracy of the results.

Another important function to be performed at the same time
is investigation of the application and usefulness of the "new"
test signals incorporated in the modified 1910 Signal Generator,

namely the three shallow ramps and two multi-step signals. As a




LY

minimum, it should be possible to define codec parameters to be
tested with these signals, and to determine a method of
evaluation by analysis of a waveform monitor pattern. It is
possible that further modifications of these test signals will be
needed. After the parameters are defined it may ultimately be
possible to configure the functions of the extremely versatile
YM-700 Video Measurement Set in such a manner that a direct
numerical read-out of the codec performance parameters can be

obtained.

6.3 Recommended Further Motion Analysis

The material and results presented in Sections 4 and 5 of
this report are barely a first step in the very complex task of
objective motion performance evaluation. Only the basic validity
of the concept could be established, with the additional decision
that a rotating wheel pattern was preferable to a scene cut. The
tests which were performed as part of this progranm can be
considered only preliminary, and the parameters of wheel pattern
configurations and rotation speeds were selected based only on
best estimates. A motion test tape is being edited as part of a
concurrent effort. This tape can then be used during the planned
codec tests mentioned in Paragraph 6.2 which will provide
guidance for improvements.

Even without further testing, there are several areas in
which additional eZforts are obviously necessary. The

configuration of the rotating wheel pattern should be analyzed.
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The margin of error of the level readings taken from a waveform
monitor must be reduced. The wheel rotation speeds should be
optimized to best cover the range of codecs to be tested. This
results in the following list of subtasks which presently appear
to be desirable.

o Check the effect of color in the rotating wheel spokes.

o Check the effect of limiting the contrast range of
black/white transitions.

o Limit the potential area for the sample point and check
different locations to reduce ambiguities and possible
errors.

o Check the advisability of using different spoke widths

and/or rotation speeds.

o Investigate disturbances by artifacts and aliasing
caused by interactions between codec algorithms and the
rotating patterns.

o 1" tape preparation, usage and analysis are all very
costly. The possibility of using 3/4" tape should be
investigated.

o After most of the above listed subtasks are completed,

it would be highly desirable to design a test generator
which can produce the complete range of patterns. The
addition of a selective level sampling device would
make an automatic readout feasible. All these are
ultimate long-term objectives.

During the ongoing continuing effort several of the listed
subtasks have been completed and others are in process. The
first six subtasks will be addressed in a following report. Only
the last subtask is highly ambitious and will require a

considerable future effort for its implementation.
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